Objective: To investigate a belt-type, biomedical mobile device capable of measuring patients' biomedical signals and sending the biomedical data to a remote medical server. This device was designed to measure and record ECG and motion signals continuously for a moving subject and, on in the event of an emergent situation, to notify a remote doctor of the situation by transmitting data on the emergent situation to a remote server through a CDMA network. Methods: The developed system is composed of three parts: biomedical signal acquisition, biomedical data recording, and data transmission. We conducted four types of experiment in order to evaluate the developed system's accuracy, reliability, operability, applicability to daily life, and SMS alarm function. First, we tested the accuracy of the R-R interval by comparing the signals measured via the developed system with those via a commercialized ECG system while the subjects were sitting, standing, lying or cycling.
Form
Characteristics Strengths Weaknesses Developed systems
Ring-type All functions including transmission and reception function, sensors, and battery are built in.
Easy to carry. Difficult to develop because of small size. Battery life is short, and recharge is required.
Ring sensor 9) Bracelet-type Transmission and reception function, memory, and various sensors are built in.
Easier to develop than the ring-type. Battery life is longer than the ring-type.
Inconvenient transmit the stored data (use PDA or PC).
Pluto mote 10) Portable-type Composed of various sensors set on the chest and data recorder.
Easier to develop than the bracelet-type. AA battery usable Inconvenient to carry. CPOD device 4)11)
Garment-type All biomedical sensors are set inside the clothesand data recording and processing use a different devices.
Acquire and process biomedical data stably and precisely.
Large in size. Life shirt 3) . The AMON Project developed a wearable personal health system that monitors and evaluates biomedical signals using bio-sensors. This system can be worn on the wrist, and transmits vital sign data such as heart rate, ECG, blood pressure, and body temperature to a remote server through GSM so that patients or ordinary people can get services 2) . Besides, thus it is stable and acquires precise biomedical data, but the system is large in size and heavy. Thus, to solve these problems, the present study designed a system that, using a belt-type integrated device, can measure ECG and motion signals continuously at any time and in any place during daily life and, on the occurrence of an emergent situation, inform a remote doctor of the situation by sending emergent situation data to a remote server through CDMA network. In addition, this study purposed to build a system usable in real life through performance evaluation of the developed system. Figure 1 is the schematic diagram of the system that uses the developed device. This system is composed of a biomedical mobile device and a remote medical server. The belt-type biomedical mobile device developed in this study was designed to collect the user's biomedical signals continuously and, on the occurrence of a problem, to send the data immediately to a remote medical server through CDMA network. Among various biomedical parameters, ECG was used, which is studied most frequently as an indicator of cardiovascular diseases. Also, in order to measure the user's daily movements in addition to ECG, the system was embedded with an accelerometer. This device was designed to measure both ECG and acceleration signal simultaneously. By measuring the user's ECG and motion signals such as sitting, walking, and running, it can figure out the user's current situation.
II. Materials and Methods

Hardware-biomedical mobile device
The developed device is composed of the biomedical signal acquisition part, the biomedical data recording part, and the data transmission part. 
Software-two types of operation mode
The belt-type biomedical mobile device is pro- (Fig. 4) .
Experiment method
In order to evaluate the performance of the developed device, we tested its accuracy, reliability and operability, applicability to daily life, SMS alarm function, etc.
with healthy subjects. First, using the developed device and a biopac ECG system (reference system), we measured signals in 4 men and 4 women while they were sitting, standing, lying, or cycling, and then analyzed the signals comparatively and tested the accuracy of R-R interval. In this experiment, the sampling rate was 1,000 Hz for the biopac system and 200 Hz for the developed device. Second, we tested if data are transmitted reliably to the remote medical server when two types of emergent events (the falling off of the electrode, the pressing of the event button) are generated in the developed device using a patient simulator, and measured battery life to see if the device is usable for a long time. Events were generated once an hour, and at that time, battery life was measured together. Third, we tested whether the device transmits the corresponding data accurately to the remote server through CDMA network when two types of events are generated for each of seven types of action (sitting, standing, standing up from the seat, ordinary walking, fast walking, cycling, and running). Lastly, we tested the SMS alarm function to see if the device can cope with an emergent situation promptly. Table 2 shows accuracy and error rate for sitting, standing, lying, and cycling. As in Table   2 , the percentage of heart beats with R-R interval error less than 5 ms was 99.9%, 99.8%, 99.9%, and 99.7%, respectively, for the postures, and the maximum error was 6 ms for sitting, standing, and lying, and 8 ms for cycling. 
III. Results
Correlation between R-R intervals calculated using signals from the developed ECG device and Biopac ECG system
Results of testing the reliability and operability of the developed device
We tested if data are transmitted reliably to the remote server when two types of events are generated in the developed device, and measured battery life to see if the device is usable for a long time. In the experiment, events were generated once an hour and the result was examined and summarized in Table 3 .
Results of generation biomedical signal events using CDMA network
The following are the results of testing whether data are transmitted accurately to the remote server when events are generated by action type using CDMA network. In the experiment, 8 subjects performed seven types of action for the two types of event. Figure 6 shows the results of transmission to a remote server on the occurrence of two types of event in Subject 1. The following are results on the accuracy of data transmission to the remote server when events were generated for each behavior pattern using CDMA network. In the experiment, each of eight subjects tested for two kinds of events out of seven patterns (sitting, standing, standing up from the seat, ordinary walking, fast walking, cycling, and running), and experiment time was five minute per type. In all the subjects (Subject 1-8), 48 KB of data was transmitted to the remote medical server without error. 
Results of testing the SMS alarm function
IV. Discussion
The present study developed an integrated system that can measure ECG and motion signals continuously while the user is moving and, on the occurrence of an emergent situation, transmits emergent situation data to a remote medical server through CDMA network and
reports the situation, and tested the system's accuracy, reliability and operability, applicability to daily life, and SMS alarm function through experiments. First, we examined the accuracy of R-R interval through comparative analysis of signals obtained using the developed device and a commercialized ECG system while the subjects were sitting, standing, lying, or cycling. In the four types of gesture, the percentage of heart beats with R-R interval error less than 5 ms was over 99%, proving that the device is as good in measuring heart rate as commercialized non-portable systems. Second, we tested whether data are transmitted reliably to the remote server when two types of emergent events are generated in the developed device using a patient simulator, and shortcoming of this system is that the user's current situation is unknown. Therefore, we tried to measure 3-axis acceleration signal together with ECG in order to figure out the user's current state. This is expected to make health state evaluation and treatment more meaningful, and produced data are considered quite useful in evaluating patients' behavior [6] [7] [8] . In addition, remote management using CDMA network will enable a prompt action in emergency. Lastly, this study tested the SMS alarm function. This function was designed for the old, the weak or chronic disease patients to get prompt rescue or first aid services through the biomedical mobile device. That is, medical staff examines the waveforms of ECG and acceleration transmitted to a remote medical server, and if they find any problem they let the patient know the situation by sending an emergent message to the patient.
The present study developed a belt-type biomedical mobile device and concluded as follows. When the subjects' biomedical signals and motion signals were collected and compared, the device showed high accuracy, reliability and operability, applicability to daily life, and SMS alarm function to be used during daily life. It is also considered usable to cope with emergent situations promptly and applicable to patients who need to be monitored continuously for chronic disease management and health management. In addition, the device may be integrated into systems for monitoring ordinary people or the old and weak in daily life, and a remote server will enable continuous monitoring of patients'
state and prompt help in emergency. The system will be improved further to be applicable to real patients by adding various types of heart disease information, and the size will be reduced further. In addition, it will be studied in connection to injuries caused by falling that is frequent in elders and physical impaired people, and the existing algorithm will be extended to detect falling as well.
